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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: Akira MIZUNO et al. 

Serial Number: Not Yet Assigned 

(§371 of international application No. PCT/JP00/06043) 

Filed: March 8, 2002 

For: CATALYST OR CARRIER HAVING DISCHARGE ELECTRODES 

SUBMISSION OF SUBSTITUTE PAGES FOR PCT ART. 34 AMENDMENT 
AND PRELIMINARY AMENDMENT 

Commissioner for Patents 

Washington, D.C. 20231 March 8, 2002 

Sir: 

This application is the U.S. national stage under 35 USC § 371 of the above-identified 
international patent application. 

Please amend this application as follows: 



IN THE SPECIFICATION: 



Please enter the attached substitute sheet for page 3 the specification. The substitute sheets 
incorporate into the English language translation of the international application amendments 
presented in the international stage under PCT Article 34. 
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IN THE CLAIMS : 

Please cancel claims 2, 3 and 4 without prejudice or disclaimer. 

Please amend the following claims to read as follows: 

1 . (Amended) A catalyst or carrier having a discharge electrode and comprising a catalyst or 
carrier in the form of a plate or sheet, the electrode being provided on at least one surface of the 
catalyst or carrier plate or sheet and being in the form of dots, or a line or bar which may intersect 
itself, the electrode being formed by applying an electrically conductive printing ink to at least one 
surface of the catalyst or carrier plate or sheet by printing, sintering a metal powder on the surface, 
or vapor-depositing or sputtering a metal onto the surface, the electrode being in the form of comb 
teeth, the electrode being formed on each of front and rear surfaces of the catalyst or carrier plate or 
sheet, and the rear and front electrodes being oriented in opposite directions to each other in an 
interdigital arrangement. 

5. (Amended) A catalyst having a discharge electrode according to claim 1 wherein the 
catalyst comprises a matrix in the form of a plate or sheet of preform prepared from ceramic fibers, 
and a catalyst substance or porous carrier particles dispersed and retained in the matrix among the 
ceramic fibers, the carrier particles having the catalyst substance supported thereon. 
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6. (Amended) A carrier having a discharge electrode according to claim 1 wherein the 
carrier comprises a matrix in the form of a plate or sheet of preform prepared from ceramic fibers, 
and porous carrier particles dispersed and retained in the matrix among the ceramic fibers. 

10. (Amended) A catalyst block having discharge electrodes according to claim 7 or 8 
wherein the electrode is in the form of comb teeth. 

12. (Amended) A catalyst block having discharge electrodes according to claim 7 or 8 
wherein the photocatalyst is a granular or particulate catalyst or in the form of a flat plate or 
corrugated plate. 

13. (Amended) A catalyst block having discharge electrodes according to claim 7 or 8 
wherein the catalyst or carrier plate or sheet having the electrode is a flat plate, and the photocatalyst 
is in the form of a corrugated plate. 

14. (Amended) A catalyst block having discharge electrodes according to claim 7 or 8 
wherein the flat catalyst or carrier plates having the electrode have ends projecting beyond a 
corrugated photocatalyst plate, and the electrodes are connected together at the projecting ends. 

1 5 . (Amended) A method of using a catalyst or carrier having a discharge electrode according 
to any one of claims 1, 5 and 6, by applying a voltage of 3 to 50 kV per 10 mm of the electrode 
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spacing across a pair of electrodes on the catalyst or carrier plates or sheets each having the electrode 
at 0.04 to 200 kHz to cause a discharge across the electrodes through the catalyst or carrier and 
thereby activate the catalyst or carrier plates or sheets. 

16. (Amended) A method of catalytic reaction of a gas by installing a catalyst or carrier 
having a discharge electrode according to any one of claims 1, 5 and 6 in a flow channel for the gas, 
and applying a voltage of 3 to 50 o kV per 1 0 mm of the electrode spacing across a pair of electrodes 
at 0.04 to 200 kHz to cause a discharge across the electrodes through the catalyst or carrier and 
activate the catalyst or carrier, whereby components contained in the gas and to be treated are 
catalytically reacted. 

25. (Amended) A method of decomposing dioxins according to any one of claims 19 to 22 
wherein the field intensity between the pair of electrodes is 0.5 to 50 kV/cm. 

26. (Amended) A method of removing dioxins according to any one of claims 19 to 22 
wherein NO is the exhaust gas is co verted to N0 2 at the same time. 

27. (Amended) A method of removing dioxins according to any one of claims 19 to 22 
wherein hydrocarbons in the exhaust gas are converted to carbon dioxide at the same time. 
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Please add the following new claims: 

31. A method of using a catalyst block having discharge electrodes according to claim 7 
or 8, by applying a voltage of 3 to 50 kV per 10 mm of the electrode spacing across a pair of 
electrodes on the catalyst or carrier plates or sheets each having the electrode at 0.04 to 200 kHz to 
cause a discharge across the electrodes through the catalyst or carrier and thereby activate the catalyst 
or carrier plates or sheets. 

32. A method of catalytic block having discharge electrodes according to claim 7 or 8, in a 
flow channel for the gas, and applying a voltage of 3 to 50 o kV per 1 0 mm of the electrode spacing 
across a pair of electrodes at 0.04 to 200 kHz to cause a discharge across the electrodes through the 
catalyst or carrier and activate the catalyst or carrier, whereby components contained in the gas and 
to be treated are catalytically reacted. 
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REMARKS 

The above amendment is submitted to place the specification and claims in substantially the 
same conditions as to the claims which have been amended under Article 34 in the international 
application and to remove improper multiple dependency claims. An English translation of the 
annexes of the PCT international preliminary examination report is enclosed. Early and favorable 
action is awaited. 

Attached hereto is a marked-up version of the changes made to the claims by the current 
amendment. The attached page is captioned " Version with markings to show changes made. " 

In the event there are any additional fees required, please charge our Deposit Account No. 
01-2340. 

Respectfully submitted, 
ARMSTRONG, WESTERMAN & HATTORI, LLP 



Atty. Docket No. 020305 
Suite 1000 
1725 K Street, N.W. 
Washington, D.C. 20006 
Tel: (202)659-2930 

MRQ/yap 

Enclosures: English translation of the Annexes 




Mel R. Quintos 
Reg. No. 31,898 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IN THE CLAIMS : 

The following claims have been amended as follows: 

1 . (Amended) A catalyst or carrier having a discharge electrode and comprising a catalyst or 
carrier in the form of a plate or sheet, the electrode being provided on at least one surface of the 
catalyst or carrier plate or sheet and being in the form of dots, or a line or bar which may intersect 
itsel f, the electrode being formed by applying an electrically conductive printing ink to at least one 
surface of the catalyst or carrier plate or sheet by printing, sintering a metal powder on the surface, 
or vapor-depositing or sputtering a metal onto the surface, the electrode being in the form of comb 
teeth, the electrode being formed on each of front and rear surfaces of the catalyst or carrier plate or 
sheet, and the rear and front electrodes being oriented in opposite directions to each other in an 
interdigital arrangement . 

5. (Amended) A catalyst having a discharge electrode according to [any one of claims 1 to 
4] claim 1 wherein the catalyst comprises a matrix in the form of a plate or sheet of preform prepared 
from ceramic fibers, and a catalyst substance or porous carrier particles dispersed and retained in the 
matrix among the ceramic fibers, the carrier particles having the catalyst substance supported 
thereon. 
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6. (Amended) A carrier having a discharge electrode according to [any one of claims 1 to 
4] claim 1 wherein the carrier comprises a matrix in the form of a plate or sheet of preform prepared 
from ceramic fibers, and porous carrier particles dispersed and retained in the matrix among the 
ceramic fibers. 

10. (Amended) A catalyst block having discharge electrodes according to [any one of 
claims 7 to 9] claim 7 or 8 wherein the electrode is in the form of comb teeth. 

12. (Amended) A catalyst block having discharge electrodes according to [any one of 
claims 7 to 1 1] claim 7 or 8 wherein the photocatalyst is a granular or particulate catalyst or in the 

form of a flat plate or corrugated plate. 

L 

1 3 . (Amended) A catalyst block having discharge electrodes according to [any one of claims 
7 to 12] claim 7 or 8 wherein the catalyst or carrier plate or sheet having the electrode is a flat plate, 
and the photocatalyst is in the form of a corrugated plate. 

14. (Amended) A catalyst block having discharge electrodes according to [any one of claims 
7 to 12] claim 7 or 8 wherein the flat catalyst or carrier plates having the electrode have ends 
projecting beyond a corrugated photocatalyst plate, and the electrodes are connected together at the 
projecting ends. 
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1 5 . (Amended) A method of using a catalyst or carrier having a discharge electrode according 
to any one of claims 1 [to 6] , 5 and 6 . [or a catalyst block having discharge electrodes according to 
any one of claims 7 to 14] by applying a voltage of 3 to 50 kV per 10 mm of the electrode spacing 
across a pair of electrodes on the catalyst or carrier plates or sheets each having the electrode at 0.04 
to 200 kHz to cause a discharge across the electrodes through the catalyst or carrier and thereby 
activate the catalyst or carrier plates or sheets. 

16. (Amended) A method of catalytic reaction of a gas by installing a catalyst or carrier 
having a discharge electrode according to any one of claims l[to 61 , 5 and 6 [or a catalyst block 
having discharge electrodes according to any one of claims 7 to 14] in a flow channel for the gas, and 
applying a voltage of 3 to 50 o kV per 10 mm of the electrode spacing across a pair of electrodes at 
0.04 to 200 kHz to cause a discharge across the electrodes through the catalyst or carrier and activate 
the catalyst or carrier, whereby components contained in the gas and to be treated are catalytically 
reacted. 

25. (Amended) A method of decomposing dioxins according to anyone of claims 19 to [24] 
22 wherein the field intensity between the pair of electrodes is 0.5 to 50 kV/cm. 

26. (Amended) A method of removing dioxins according to any one of claims 19 to [25] 22 
wherein NO is the exhaust gas is coverted to N0 2 at the same time. 
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27. (Amended) A method of removing dioxins according to any one of claims 19 to [26] 
22 wherein hydrocarbons in the exhaust gas are converted to carbon dioxide at the same time. 
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specification 
catalyst or carrier having discharge electrodes 
5 technical field 

The present invention relates to catalysts or catalyst 
carriers having discharge electrodes, and to catalyst blocks 
having discharge electrodes and comprising catalyst members 
or catalyst carrier members having discharge electrodes and 
10 a photocatalyst interposed between the members and/or disposed 
externally thereof. The present invention further relates 
to a method of and an apparatus for decomposing by plasma discharge 
harmful substances such as dioxins in exhaust gases released 
from refuse incinerators, boilers, diesel engines, etc. 

15 

BACKGROUND ART 

It is already known that photocatalyst s have high oxidizing 
ability and are usable for decomposing dioxins by oxidation. 
In order to cause the photocatalyst to act effectively, however, 
20 the surfaces of catalyst particles must be irradiated with 
light quantum of specified frequency - With catalyst beds filled 
with a large number of catalyst particles within reactors, 
it is therefore difficult to irradiate the individual particles 
with sufficient light quantum and to cause the photocatalyst 
25 to act effectively. 

Although it is possible to remove harmful substances from 
exhaust gases by utilizing the high oxidizing or reducing ability 



2 

of photocatalysts r difficulty is encountered in uniformly 
irradiating the surface of the particulate catalyst with 
ultraviolet rays of high energy , it is impossible to fill limited 
space with a large quantity of catalyst, there is a need to 
5 use a reactor which is larger than for example, denitration 
reactors , predetermined activity is not available at the catalyst 
portion which is not fully irradiated with light, and the 
reactivity of the exhaust gas moving past through such portion 
is low. For this reason, it is likely that an overall high 

10 harmful substance removal efficiency will not be achieved. 

To overcome the foregoing problems, a first object of 
the present invention is to provide a method of and an apparatus 
for efficiently decomposing dioxins and like harmful substances 
in an exhaust gas by plasma discharge, 

15 A second object of the invention is to provide a catalyst 

or catalyst carrier having discharge electrodes or a catalyst 
block having discharge electrodes which is advantageous to 
use in the method of efficiently decomposing dioxins and like 
harmful substances in an exhaust gas by plasma discharge. 

20 

DISCLOSURE OF THE INVENTION 

A first feature of the present invention relates to a 
catalyst or carrier having a discharge electrode* 

The catalyst or carrier according to the first feature 
25 of the invention and having a discharge electrode comprises 
a catalyst or carrier in the form of a plate or sheet, the 
electrode being provided on at least one surface of the catalyst 
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or carrier plate or sheet and being in the form of dots, or a 
line or bar which may intersect itself, the electrode being 
formed by applying an electrically conductive printing ink to 
at least one surface of the catalyst or carrier plate or sheet 
by printing, sintering a metal powder on the surface, or 
vapor-depositing or sputtering a metal onto the surface, the 
electrode being in the form of comb teeth, the electrode being 
formed on each of front and rear surfaces of the catalyst or 
carrier plate or sheet, and the rear and front electrodes being 
oriented in opposite directions to each other in an interdigital 
arrangement . 

The catalyst or carrier in the form of a plate or sheet 
includes one in the form of a cloth, board, paper or the like. 

The electrically conductive printing ink contains a metal 
such as silver, copper, or an alloy of solder components. The 
conductive ink may be in the form of a paste. 

Preferably, the catalyst comprises a matrix in the form 

of a plate or sheet of preform prepared from ceramic fibers, 

and a catalyst substance or porous carrier particles dispersed 

and retained in the matrix among the ceramic fibers , the carrier 

particles having the catalyst substance supported thereon- 

The catalyst substance is an oxide of a metal such as vanadium, 

tungsten, molybdenum, titanium or the like, or a metal such as 

gold, silver, platinum, rhodium, palladium or ruthenium, or an 

oxide of the metal. 

Preferably, the carrier comprises a matrix in the form of 
a plate or sheet of preform prepared from ceramic fibers, 
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and porous carrier particles dispersed and retained in the 
matrix among the ceramic fibers. 

The porous carrier may be alumina, silica, silica-alumina r 
titania, zeolite, zirconia, zinc oxide or the like. 
5 According to the invention, a discharge in space or 

generation of current on the surface of an insulator due to 
the application of voltage is utilized to cause charging or 
polarization, ionization of the surface of a solid catalyst, 
electronic polarization of a reactive substance , etc . to realize 
10 or promote a catalytic function. 

When a high voltage is applied across electrodes, with 
semiconductor particles filled in the space therebetween, 
electrons run {surface current) on the surfaces of the particles 
while ionizing the ambient gas, and at the same time, excite 
15 the electrons constituting solid crystals for ionization. 

When returning to the ground state, the excited electrons produce 
light (almost ultraviolet rays) peculiar to the atom. Further 
when electrons of high energy collide with semiconductor crystals , 
they force out a plurality of conduction band electrons , causing 
20 holes to appear which are thought fundamental to the exhibition 
of activity of a photocatalyst . Such a discharge state is 
termed plasma discharge. 

Thus, when a required voltage is applied across the 
electrodes , the photocatalyst can be caused to display activity 
25 without projecting ultraviolet rays onto the catalyst from 
outside . 

However, when such a discharge is sustained to cause 



ionization of gas phase and solid phase, the discharge transforms 
into an arc discharge involving marked heat generation, giving 
rise to undesirable thermal deterioration of the catalyst and 
impaired energy efficiency. It is accordingly desirable to 
lower the potential between the electrodes before the discharge 
transforms into arc discharge to complete plasma discharge. 

Stated more specifically, it is desired to apply a high a.c. 
voltage or pulse voltage to the electrodes. To maintain a 
high energy efficiency and realize an increased amount of 
discharge in this case, it is required to increase the frequency 
of the a.c. voltage or pulse voltage. 

The reactor utilizing such phenomena can be used favorably , 
for example , for the oxidative decomposition of dioxins contained 
in the exhaust gases from refuse incinerators. However, in 
the case where the gas to be reacted contains dust, ash and 
like solids , these solids will accumulate on the bed of particles 
not only to offer increased resistance to the passage of the 
gas but also interfere with an effective discharge, possibly 
causing a short-circuit accident between the electrodes, hence 
the necessity of fully removing dust from the reactive gas 
at a position upstream from the reactor, 

The catalyst or carrier according to the first feature 
of the invention and having a discharge electrode is a catalyst 
or carrier in the form of a plate or sheet (including a cloth, 
board, paper, etc.) and comprising electrodes formed on the 
respective surfaces of the catalyst or carrier and each in 
the form of dots, or a line or bar which may intersect itself 



for causing discbarge through the thickness of the plate or 
sheet so as to cause the entire platelike or sheetlike catalyst 
or catalyst carrier to emit ultraviolet rays. 

The electrons emitted from the cathode migrate to the 
5 anode as semiconductor surface current, ionizing the surface 
and producing a large number of holes. At the same time, the 
electrons ionize the surrounding gas, exciting outer-shell 
electrons of gaseous atoms or molecules. When returning to 
the ground state, the excited electrons produce ultraviolet 

10 rays peculiar to the substance. The energy of ultraviolet 
rays produces holes in the semiconductor. These holes produce 
oxidizing activity. 

To be satisfactory, the voltage to be applied to the 
electrodes is up to a voltage value <3 kV/mm) required for 

15 space discharge, whereas a higher voltage can be applied so 
as to produce a larger quantity of ultraviolet rays and higher 
surface activity. The lower limit of the voltage to be applied 
is a voltage for initiating plasma discharge, while the higher 
limit is the breakdown voltage across the electrodes . These 

20 values are determined suitably according to the kind of 

semiconductor, composition and temperature of the atmospheric 
gas, etc. 

Electrons tend to flow concentrically along a path of 
short distance between the electrodes. The flow of electrons 
25 also tends to concentrate at the portion where various kinds 
of resulting ions are present. Accordingly, there is a need 
to make the distance between the electrodes strictly uniform 
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in order to cause a uniform discharge through, the platelike 
catalyst or catalyst carrier. 

In an arrangement wherein the electrode is provided on 
each surface of the platelike or sheetlike catalyst or catalyst 
5 carrier, with a uniform dis tance provided between the electrodes , 
the resistance involved in the passage of electrons through 
the catalyst or catalyst carrier greatly differs from the 
resistance involved in the movement of electrons on the surface 
of the catalyst or catalyst carrier, so that variations in 

10 the distance between the electrodes produce no great influence, 
and generally uniform ultraviolet luminescence is observed 
over the entire area of the catalyst or catalyst carrier. 

Stated more specifically in view of the above, the present 
invention provides as a first feature thereof a catalyst or 

15 catalyst carrier having a discharge electrode and comprising 
a catalyst or catalyst carrier in the form of a plate or sheet, 
the electrode being in the form of comb teeth and provided 
on each of opposite surfaces of the catalyst or carrier. The 
electrodes on the opposite surfaces are in an interdigital 

20 arrangement (as displaced from each other, for example, by 
1/2 of the spacing between the comb teeth). 

The smaller the thickness of the digits or teeth of the 
electrodes, the better, whereas in the case where the platelike 
or sheetlike catalyst or catalyst carrier is large- sized, the 

25 thickness is preferably 0,1 to 2 mm in view of reliability 
against a break. The comblike electrodes are produced favorably 
by applying an electrically conductive printing ink on the 
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front and rear surfaces of the platelike or sheetlike catalyst 
or carrier by printing in view of production cost and accuracy 
of spacing between the comb teeth. 

Preferably, the catalyst or catalyst carrier in the form 
5 of a plate or sheet comprises a matrix in the form of a plate 
or sheet (paper, cloth r board or the like) of preform of ceramic 
fibers, and a catalyst substance or fine catalyst carrier 
particles dispersed and retained in the matrix among the ceramic 
fibers, the carrier particles having the catalyst substance 

10 supported thereon. The catalyst or catalyst carrier having 
such a structure has a relatively large amount of space in 
the interior, renders reactive substances highly dispersible 
and achieves an improved ultraviolet emission efficiency by 
the excitation of the gas present in the space. 

J- 5 The catalyst or catalyst carrier equipped with discharge 

electrodes and having the foregoing structure exhibits high 
catalyst activity in exhaust gas streams and effectively 
functions to purify exhaust gases by oxidizing and decomposing 
dioxins , oxidizing hydrocarbons and oxidizing NO . The catalyst 

20 or catalyst carrier is in the form of a plate or sheet in this 
case, is therefore less prone to clogging with dust or like 
solids, while the gas stream containing dust or like solids 
in suspension is not subjected directly to a discharge , rendering 
the dust less likely to be charged and to be electrostatically 

25 deposited on the catalyst surface or the electrodes . 

A second feature of the present invention relates to a 
catalyst block having discharge electrodes. 



The catalyst block having discharge electrodes and 
according to the second feature of the invention comprises 
a plurality of catalyst or carrier plates or sheets and each 
having an electrode formed on at least one surface thereof, 
5 the electrode being in the form of dots, or a line or bar which 
may intersect itself, and a photocatalyst interposed between 
the plates or sheets and/or disposed externally thereof . 

The catalyst or carrier plates or sheets or use in the 
catalyst block include those in the form of a cloth, board, 

10 paper or the like. Preferably the carrier plate or sheet having 
an electrode comprises a matrix in the form of a plate or sheet 
of preform prepared from ceramic fibers, and porous carrier 
particles dispersed and retained in the matrix among the ceramic 
fibers. The porous carrier may be alumina, silica, 

15 silica-alumina, titania, zeolite, zirconia, zinc oxide or the 
like . 

The catalyst plates or sheets having an electrode and 
the photocatalyst for use in the catalyst block preferably 
comprise a matrix in the form of a plate or sheet of preform 

20 prepared from ceramic fibers , and a catalyst substance or porous 
carrier particles dispersed and retained in the matrix among 
the ceramic fibers, the carrier particles having the catalyst 
substance supported thereon. The photocatalyst may be, for 
example, a granular or particulate catalyst or in the form 

25 of a flat plate or corrugated plate. The catalyst substance 
is an oxide of a metal such as vanadium, tungsten, molybdenum, 
titanium or the like, or a metal such as gold, silver, platinum, 
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rhodium, palladium or ruthenium, or an oxide of the metal. 

The electrode for use in the catalyst block is preferably 
one formed by applying an electrically conductive printing 
ink to at least one surface of the catalyst or carrier plate 
or sheet by printing, sintering a metal powder on the surface, 
or vapor-depositing or sputtering a metal onto the surface. 

Preferably, the electrode is in the form of comb teeth. 
It is desirable that the comb -tooth electrode be formed on 
each of the front and rear surfaces of the catalyst or carrier 
plate or sheet, such that the rear and front electrodes are 
oriented in opposite directions to each other in an interdigital 
arrangement . 

Preferably, the catalyst block comprises flat catalyst 
or carrier plates having electrodes and corrugated pho tocatalyst 
plates which are alternately arranged into superposed layers. 

The block has a honeycomb structure in its entirety. With 
the honeycomb catalyst block, the ends of the catalyst or carrier 
plates which are positioned along the direction of gas flow 
project beyond the corrugated photocatalyst plates, and the 
comb- shapedelectrodes at each projecting endhave their shoulder 
portions connected to one another by an electrode connector. 

A conductor in the form of a wire, bar, shaft, belt or the 
like is used as the connector. The connector extends through 
or across the shoulder portions of the comb -shaped electrodes 
at the projecting end, whereby the adjacent electrodes are 
connected to each other. It is desirable to provide a plurality 
of electrode connectors in view of the possibility of the 
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electrical contact becoming faulty due to the oxidation of 
the electrode or connector while the catalysts are in use. 

With the catalyst or carrier having discharge electrodes 
and according to the first feature of the invention, or with 
5 the catalyst block having discharge electrodes and according 
to the second feature of the invention, a voltage of 3 to 50 
kV per 10 mm of the electrode spacing is applied across a pair 
of electrodes at 0.04 to 200 kHz, causing a discharge across 
the electrodes through the catalyst or carrier, whereby the 

10 catalyst or carrier having the electrodes can be activated. 

The catalyst or carrier having discharge electrodes and 
according to the first feature of the invention or the catalyst 
block having discharge electrodes and according to the second 
feature of the invention is installed in a gas flow channel, 

15 and voltage is applied to the pair of electrodes under the 
above conditions to cause a discharge across the electrodes 
through the catalyst or carrier and thereby activate the catalyst 
or carrier. Thus, the catalyst or carrier or the block is 
used for the catalytic reaction of the components of the gas 

20 which are to be treated. 

For the catalytic reaction of gases , the catalyst or carrier 
having discharge electrodes and according to the first feature 
of the invention or the catalyst block having discharge 
electrodes and according to the second feature of the invention 

25 is installed, for example, in a combustion exhaust gas flow 
channel for oxidizing and decomposing dioxins in the gas and 
oxidizing nitrogen monoxide in the gas , or in a flow channel 



12 



for a gas containing organic odor components for oxidizing 
and decomposing the odor components of the gas. 

A third feature of the present invention relates to a 
method of decomposing dioxins . 
5 The method of decomposing dioxins according to the third 

feature of the invention comprises filling a particulate catalyst 
exhibiting semiconductor characteristics into a space between 
a pair of electrodes, applying a voltage across the electrodes 
to cause plasma discharge between the catalyst particles, and 

10 passing an exhaust gas to be treated through a bed filled with 
the catalyst to decompose dioxins in the exhaust gas* 

Like the gases released from combustion devices such as 
refuse incinerators, exhaust gases generally contain dioxins, 
and nitrogen oxides and hydrocarbons at the same time. 

15 The catalyst mentioned above has photocatalyst activity. 

Examples of suitable catalysts are particulate or granular 
oxide catalysts exhibiting semiconductor characteristics , such 
as titania, zinc oxide, iron oxide, or a catalyst comprising 
an anatase titania carrier and a thin titania layer having 

2U photocatalyst activity and coating the carrier. 

Preferably, the voltage is applied intermittently with 
high-frequency waves, for example, at a frequency of 40 Hz 
to 10 MHz. Preferably, the field intensity between the pair 
of electrodes is 0.5 to 50 kV/cm. 

25 When practiced, the above method decomposes dioxins and, 

at the same time, converts NO in the exhaust gas to N0 2 and/or 
converts hydrocarbons therein to carbon dioxide. 
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The invention provides as the third feature thereof an 
apparatus for decomposing dioxins which comprises a pair of 
electrodes arranged in an exhaust gas flue, a catalyst bed 
disposed between the pair of electrodes and comprising a 
5 particulate catalyst exhibiting semiconductor characteristics , 
and a power source for applying a voltage across the electrodes 
to cause plasma discharge between the catalyst particles and 
produce ultraviolet rays for the excitation of the photocatalyst , 
whereby dioxins in an exhaust gas flowing through the catalyst 

10 bed are decomposed. 

Preferably , the exhaust gas flue is provided with a dust 
removal device (such as a bag filter) at a position upstream 
from the pair of electrodes , and with a denitration device 
< wherein, for example, ammonia is used as a reducing agent) 

15 at a position downstream from the pair of electrodes. 

The voltage to be applied is the field intensity x the 
spacing between the electrodes, as required for so-called space 
discharge, and is so determined that the field intensity between 
the pair of electrodes will be 0.5 to 50 kV/cm.. However, a 

20 voltage greater or smaller than the above value can be used 
in order to adjust the amount of discharge, amount of ultraviolet 
luminescence, etc. The lower limit of the voltage to be applied 
is a voltage permitting plasma discharge and varies with the 
kind of semiconductor particles to be filled, the shape of 

25 the particles, state of filling, and the composition and 

temperature of the gas providing the atmosphere. The upper 
limit of the voltage to be applied is a value for initiating 
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arc discharge and varies mainly with the frequency of the voltage 
to be applied. 

The wavelength of ultraviolet rays is dependent on the 
composition of the semiconductor catalyst particles and that 
5 of the gas of the atmosphere. When the semiconductor catalyst 
is anatase titania and the atmosphere is air, the wavelength 
of ultraviolet rays is 300 to 350 nm. This wavelength range 
is desirable for titania photocatalysts . 

The ultraviolet luminescence efficiency relates to the 

10 size of the semiconductor catalyst particles. It is thought 
that an increased luminescence efficiency will result if 
interstices of not smaller than one times the wavelength of 
ultraviolet rays occur frequently between particles in the 
discharge process , whereas this still remains to be substantiated. 

15 When particle-to-particle interstices are excessively great, 
the discharge is so-called space discharge, the luminescence 
efficiency and wavelength appear to be greatly influenced by 
the atmospheric gas, and such interstices are undesirable from 
the viewpoint of controlling ultraviolet rays . 

20 The bed of semiconductor catalyst particles wherein plasma 

discharge is sustained exhibits high oxidative catalyst activity, 
almost completely oxidizing the inorganic compounds and organic 
compounds passing through the catalyst bed at a low temperature 
of up to 200° C. 

25 For example, when air containing dioxins ( 4 -chlorodioxin, 

etc.) in trace quantities, for example, of up to 10 ng/m J is 
passed through the bed of semiconductor catalyst particles. 



the dioxins can be decomposed almost completely at 150° C. 

Further when air containing up to 100 ppm of NO is passed 
through the bed of semiconductor catalyst r the NO can be converted 
to N0 2 » The conversion can be controlled as desired by varying 
5 the voltage to be applied and the frequency thereof. 

For the purpose of oxidizing common compounds, titania 
is suitable for use as the semiconductor catalyst. When titania 
is in the form of anatase crystals and given photocatalyst 
activity, the titania can be made function as a photocatalyst 
10 partly emitting ultraviolet rays, with another part thereof 
acting to absorb ultraviolet rays, hence effective use of the 
energy of discharge. 

Nevertheless , the most appropriate semiconductor catalyst 
can be selected for the desired reaction, so that the 
15 semiconductor catalyst is not limited to titania. 

In oxidizing dioxins in trace quantities of up to 1 ng/m 3 , 
it is effective to modify the semiconductor catalyst with a 
transition metal, alkali metal, alkaline earth metal or an 
oxide thereof so as to give the catalyst properties to adsorb 
20 dioxins before use. 

If the dust entrained in the gas accumulates in the bed 
of semiconductor catalyst particles, an altered state of 
discharge occurs, so that it is desirable to install a bag 
filter or like dust removal device at a position upstream from 
25 the dioxln decomposition apparatus according to the third feature 
of the invention. 

The first and second features of the invention provide 
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a catalyst or catalyst carrier which has a discharge electrode 
and a novel structure and which is suitable for use in catalytic 
reactions for purifying exhaust gases , for example, from refuse 
incinerators, boilers, dlesel engines, etc* 
5 When the catalyst block having the structure according 

to the second feature of the invention is used, the ultraviolet 
rays produced by the catalyst having electrodes act effectively 
for the activation of the usual photocatalyst. The 
photocatalyst also serves the function of a spacer for giving 
10 a required spacing between the catalyst plates or sheets having 
electrodes i 

According to the third feature of the invention, a voltage 
is applied across a pair of electrodes to produce plasma discharge 
between catalyst particles, uniformly generating ultraviolet 
15 rays on the surfaces of catalyst particles or in the vicinity 
thereof to thereby realize photocatalyst activity and decompose 
dioxins in an exhaust gas in a compact reactor with a high 
efficiency. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view showing an example of comb -tooth, 
electrode pattern. 

FIG. 2 is a perspective view showing the front and rear 
surfaces of a platelike catalyst with a cainb- tooth electrode 
25 provided on each of the surfaces, 

FIG. 3 is a plan view showing an example of catalyst having 
discharge electrodes . 



FIG . 4 is a graph showing the relationship between the 
reaction temperature and the NO oxidation rate. 

FIG. 5 is a graph showing the relationship between the 
reaction temperature and o-chlorotoluene decomposition rate. 
5 FIG. 6(a) is apian view of a catalyst block having discharge 

electrodes, FIG. 6(b) is a front view of the same, and FIG. 
6(c) is a view in vertical cross section of the same. 

FIG. 7 is a view in section showing how to connect front 
electrodes on catalyst plates to each other, 
10 FIG. 8(a) is a plan view showing a corrugated carrier 

plate for a photocatalyst , and FIG. 8(b) is a side elevation 
of the same . 

FIG. 9 is a perspective view showing the front and rear 
surfaces of a platelike catalyst with a comb- tooth electrode 
15 provided on each of the surfaces . 

FIG. 10(a) is a front view showing a test catalyst block 
having discharge electrodes , and FIG . 10(b) is a view in vert ical 
cross section of the same. 

FIG. 11 is a diagram showing a reaction tester. 
20 FIG. 12 is a graph showing the relationship between the 

reaction temperature and the NO oxidation reaction rate. 

FIG. 13 is a graph showing the relationship between the 
reaction temperature and o-chloro toluene decomposition 
reaction rate. 

25 FIG. 14 is a perspective view showing the front and rear 

surfaces of a platelike catalyst with a comb-tooth electrode 
provided on each of the surfaces. 
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FIG. 15 is a perspective view of a catalyst block having 
discharge electrodes. 

FIG. 16 is a graph showing the relationship between 
discharge power and oxidation rate. 
5 FIG. 17 is a graph showing the relationship between 

discharge power and oxidation rate, 

FIG - 18 is a graph showing the relationship between the 
concentration and the oxidation rate. 

FIG. 19 is a graph showing the relationship between 
10 discbarge power and oxidation rate. 

FIG. 20 is a graph showing the relationship between 
discharge power and oxidation rate. 

FIG. 21(a) is a front view partly broken away and showing 
a plasma discharge decomposition reactor, and FIG. 21(b) is 
15 a view in section taJcen along the line b-b in FIG. 21(a). 

BEST MODE OF CARRYING OUT THE INVENTION 

The present invention will be described below in detail 
with reference to examples. Examples 1 to 3 correspond to 
20 the first feature of the invention, Examples 4 to 8 to the 
second feature of the invention, and Example 9 to the third 
feature of the invention. 
Example 1 

An electrically conductive ink (product of Noritake Co., 
25 Ltd. ) in the form of a paste and containing silver was applied 

+■ r*„ => »— 1 1 — P ^ ~ -f= -* ^ 4- A « -m 4- T *- V-i *~u 4— / Jl..^4- ~ -C? KT ■£ "U, — m«-- — — 

Co . , Ltd . ) containing titania and serving as a catalyst substance 
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in a pattern shown in FIG. 1 by screen printing. The paste 
print was heated at 150° C for 1 hour in the air for curing. 
A front electrode 2 in the form of a comb teeth was thus formed 
on the front surface of the photocatalyst sheet. 
5 The silver paste was then applied to the rear surface 

of the sheet by screen printing in the same pattern as the 
front electrode, with the combs oriented in opposite directions 
to each other and with each comb tooth on the rear surface 
positioned exactly in the center between each pair of adjacent 
10 teeth of the front electrode in an interdigital arrangement - 
The print was cured under the same conditions as above. A 
rear electrode 3 in the form of a comb teeth was thus formed 
on the rear surface of the photocatalyst sheet . 

FIG. 2 is a perspective view showing the front and rear 
15 surfaces of the catalyst obtained with the discharge electrode 
formed on each surface. 
Example 2 

A 15-kVa. c . voltage was appliedat 60 Hz across the electrode 
terminals on the catalyst obtained in Example 1 to recognize 
20 that ultraviolet rays {300 to 400 nm in wavelength) were emitted 
by the entire area of the catalyst • 
Example 3 

The catalyst obtained in Example 1 was cut to prepare 
a platelike catalyst 1 shown in FIG. 3, The catalyst was held 
25 between sheets of Teflon net and filled into a reactor tube 
of quartz glass having a gas flow channel , measuring 10 mm 
x 20 mm in section. The reactor tube was covered with a heater 
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and shielded against ultraviolet rays. Subsequently, a 
prepared exhaust gas in the form of air containing 100 ppm 
of NO was passed through the reactor tube at a flow rate of 
2.5 liters /inin, a.c. voltage of 10 kV was applied to the catalyst 
5 at 6 0 Hz , and the catalyst was checked for NO oxidation efficiency 
at a reaction temperature of 100 to 200° c by the chemiluminescence 
method. The oxidation rate was calculated from Equation [1] 
given below. 
Oxidation rate (%) 

10 ={ Inlet concn. - Outlet concn. ) /Inlet concn, x 100... [1] 

By hydrogen flame decomposition gas chromatography, the 
catalyst was also checked for the oxidative decomposition of 
o-chlorotoluene in the same manner as above with the exception 
of using a prepared exhaust gas comprising air containing 100 

15 ppm of o-chlorotoluene {which is generally known for use as 
a substitute for dioxins) in place of the NO-containing air 
serving as the exhaust gas. The oxidative decomposition rate 
was calculated from Equation [ 1 ] - 

The results obtained are given in Table 1, and FIGS. 4 

20 and 5, which indicate that the platelike catalyst 1 is highly 
effective for oxidizing NO and decomposing o-chlorotoluene 
due to a discharge effect. 



Table 1 



NO oxidation rate {%) o-Chlorotoluene decomp. rate (%) 

Reaction -R5^Ts^ With dis- Ho discharge Wiftt xsUHErgZ 

temp . ( \^ } charge charge 



100 8 76 0 

130 12 81 9 

160 15 85 16 

200 18 88 31 
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Example_4 

A ceramic paper (MCS-05, 0 , 5 ram in thickness) manufactured 
by Nihon Musen Co., Ltd. was impregnated with a titania sol 
(CSN-30, 32 wt, % in solids concentration) manufactured by 
ishihara Sangyo Kaisha, Ltd., then dried at 120° C and further 
fired in air at 450° C for 5 hours to obtain titania- impregnated 
flat plates, measuring 120 mm x 55 nun and having 140 g/m 2 of 
titania supported thereon. 

Further titania-impregnated corrugated plates measuring 
100 mm x 55 mm and having 70 g/m 2 of titania supported thereon 
as shown in FIG - 8 were prepared by impregnating a ceramic 
paper (MCS-025, 0.25 mm in thickness) manufactured by Nihon 
Musen Co,, Ltd- with the same titania sol as above, affixing 
the wet paper to a corrugated form plate of aluminum, drying 
the paper at 120° C in this state, and firing the dried paper 
as removed from the form plate at 450° C for 5 hours. 

These flat plates and corrugated plates were immersed 
xn a 3% aqueous solution of nitric aoiu for 14 hours, thereafter 
washed in a running water for 10 hours and subsequently dried 
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at 120° C to obtain flat carrier plates and corrugated carrier 
plates . 

Flat catalyst plates and corrugated catalyst plates Having 
photocatalyst activity were prepared by immersing these carrier 
plates in a liquid obtained by diluting a titania sol (STS-01, 

33 wt. % in solids content) manufactured by Ishihara Sangyo 
Kaisha, Ltd. with pure water threefold, drying the plates at 
120° C, and firing the plates in the air at 300° C for 1 hour, 
at 450° c for 1 hour and at 520° C for 1 hour. 

An electrically conductive ink (SS- 24807, product of Nihon 
Acheson Co. , Ltd. ) in the form of a paste and containing silver 
was applied by screen printing to a surface of each of the 
flat catalyst plates in a pattern shown in FIG. 9- The paste 
print was heated in the air at 150* C for 1 hour for curing. 

In this way, a front electrode 12 in the form of comb teeth 
was formed on the surface of each flat catalyst plate. The 
silver paste was then applied to the rear surface of the catalyst 
plate by screen printing in the same pattern as the front electrode , 
with the combs oriented in opposite directions to each other 
and with each comb tooth on the rear surface positioned exactly 
in the center between each pair of adjacent teeth of the front 
electrode in an interdigital arrangement. The print was cured 
under the same conditions as above. A rear electrode 13 in 
the form of a comb teeth was thus formed on the rear surface 
of the flat catalyst plate. FIG. 9 is a perspective view showing 
the front and rear surfaces of the flat catalyst plate 14 obtained 
with the electrode formed on each surface. 
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Subsequently, the flat catalyst plates 14 having electrodes 
and corrugated photocatalyst plates 15 were arranged alternately 
in superposed layers and held together by a surrounding frame 
16 as shown in FIGS. 6 . The frame 16 was prepared from a ceramic 
5 paper, 1 nun in thickness, with use of a silica colloid for 
stiffening . Opposite ends of the flat catalyst plates 14 having 
electrodes were projected outward along the direction of gas 
flow beyond the corrugated photocatalyst plates 15, The 
shoulder portions of the comb-shaped front electrodes 12 were 

10 connected to one another by three electrode connecting shafts 
13 at one projecting end of the plate assembly. Stated more 
specifically with reference to FIG . 7 , one end of the flat 
catalyst plate 14 was forcibly fitted into a peripheral recess 
in a conductive connecting member 19. the shaft 18 was passed 

15 through a center through bore 20 in the connecting member 19, 
and a coiled conductive spring 21 was interposed between the 
member 19 and another connecting member 19 adjacent thereto 
in contact with the members 1 9 . Similarly t the shoulder portions 
of the comb -shaped rear electrodes 13 were connected to one 

20 another by three electrode connecting shafts 18 at the other 
projecting end of assembly of the flat catalyst plates 14. 

in this way, a catalyst block having discharge electrodes 
was prepared. 

Further with reference to FIGS. 10, two flat catalyst 
25 plates 14 having electrodes and three corrugated photocatalyst 
plates 15 were arranged alternately in superposed layers and 
held together by a surrounding frame 16 to fabricate a test 
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catalyst block having discharge electrodes. Quartz wool 17 
was packed to a high density into the spaces between each outer 
corrugated photocatalyst plate 15 and the frame 16 so as to 
prevent the flow of prepared exhaust gas through these spaces. 

In the same manner as described above, the front electrodes, 
as well as the rear electrodes, were connected to one another 
by electrode connecting shafts 18 at the corresponding projecting 
end of the assembly of the corrugated photocatalyst plates. 

The test catalyst block was packed into a test tube 23 
of a reaction tester 22 shown in FIG. 11. The reaction tester 
22 comprises the reaction tube 22 of stainless steel, a gas 
inlet chamber 24 at one end of the tube, a gas outlet chamber 

25 at the other end thereof, and a constant- temperature chamber 

26 accommodating these components. The electrodes at one end 
of the assembly of flat catalyst plates, i.e., the front 
electrodes, and the electrodes at the other end thereof, i.e. , 
the rear electrodes were connected to an a.c. power source 
27. The space between the wall of the test tube 23 and the 
surrounding frame of the test catalyst block was sealed by 
a ceramic sheet having a thickness of 3 mm. 

A prepared exhaust gas comprising air containing 100 ppm 
of NO was then passed through the reaction tester 22 at a flow 
rate of 1*9 Nm 3 /hour, an a.c. voltage of 10 kV was applied 
across the electrodes at 60 Hz, and the test catalyst block 
was checked for NO oxidation efficiency (oxidation rate) at 
a reaction temperature of 100 to 200° C by the chemiluminescence 
method. 
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By hydrogen flame decomposition gas chroma t o graphy r the 
catalyst block was also checked for the oxidative decomposition 
(decomposition rate) of o-chlorotoluene in the same manner 
as above with the exception of using a prepared exhaust gas 
5 comprising air containing 100 ppm of o-chlorotoluene in place 
of the NO-containing air serving as the exhaust gas. 

The results obtained are given in Table 2, and FIGS * 12 
and 13 , which indicate that the catalyst block is highly effective 
for oxidizing NO and decomposing o-chlorotoluene by oxidation 
10 due to a discharge effect. 
Table 2 



Reaction 
temp . ( *C ) 


NO oxidation rate (%) 


o-Chlorotoluene 


decomp . 


rate (% 


No dis- 
charge 


With dis- 
charge 


No disctiarge 


'With di 


s charge 


100 


3 


79 


2 




7B 


130 


7 


81 


7 




83 


160 


11 


84 


12 




B5 


200 


14 


65 


16 




65 



Example 5 

A ceramic paper (MCS050 , 50 mmx 50 mm, 0.5mm in thickness) 
25 manufactured by Nihon Musen Co. , Ltd. was immersed in titania 
colloid prepared by hydrolyzing titanium isopropoxide to obtain 
a gel and adding hydrochloric acid to the gel for def locculation. 

The paper vras then dried at 12Q° C and further fired in the 
air at 450° C for 5 hours to obtain a flat plate A having 25 
30 g/m z of titania photocatalyst supported thereon. 
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Next, a front electrode 32 and a rear electrode 33, which, 
were in the form of comb teeth, were formed respectively on 
the front and rear surfaces of the catalyst plate A by the 
same procedure as in Example 4 using a conductive ink paste 
5 ( SS- 24807 , product of Nihon Acheson Co , , Ltd. ) containing silver . 
FIG . 14 is a perspective view showing the front and rear surfaces 
of the resulting flat photocatalys t plate 31 having the 
electrodes . 

The photocatalyst plate 31 was packed into a reaction 

10 tube of a reaction tester, which was the same as the one used 
in Example 4 except that the reaction tube therein was replaced 
by a reaction tube of acrylic resin having a flow channel measuring 
50 mm x 17 mm in cross section , A prepared exhaust gas comprising 
air saturated with moisture and containing 150 ppm of NO and 

15 40 ppm of o-chlorotoluene was passed through the reaction tester 
at a flow rate of 2.5 liters/min at room temperature, an a.c. 
voltage was applied at a frequency of 1000 Hz (sine waves) 
to effect discharge under altered conditions, and the catalyst 
plate was checked for NO oxidation rate by the chemiluminescence 

20 method and for oxidation rate of o-chloro toluene by hydrogen 
flame decomposition gas chromatography. The oxidation rates 
were calculated from Equation [1] in Example 3. 

The results obtained are shown in Table 3 and FIG. 16 „ 
which reveal that the catalyst was excited by the discharge 

25 to oxidize NO and decompose o-chlorotoluene by oxidation. 
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Table 3 

Exp. Volt- Average Inlet Outlet Oxidation 



5 



No . 


age 


current 














rate 


(%} 






MA 


NO 
ppm 


N0 2 
PPM 


o-CT 
ppm 


NO 

_epm 


ppm 


o-CT 
EEEL 
44 . 0 


NO 


o-CT 


1 


0.0 


0.0 


152.0 


2.0 


43 


149:2 


4.3 


1.8 


0 .0 


2 


5.0 


1.1 


145.0 


3.1 


38 


139.5 


7 . 5 


38. 0 


3.8 


0.0 


3 


6.0 


6.2 


148. 0 


1.5 


38 


125 . 5 


16.5 


32-0 


15.2 


15.8 


4 


7.0 


6.7 


150.0 


2.5 


42 


63.1 


84 . 2 


25.0 


57.9 


40.5 


5 


8 . 0 


7.4 


141.0 


2.6 


37 


22 .8 


118 .0 


10.0 


83.8 


73.0 


6 


9.0 


8 . 0 


151.0 


2.1 


40 


10 .7 


138 . 9 


4.1 


92.9 


89.8 


7 


10.0 


8.6 


149.0 


2.8 


40 


1.3 


141.0 


1.1 


99 .1 


97 .3 



o-CT: o-chlorotoluene 



15 

Example 6 

The same ceramic paper as used in Example 5 was ifnmersed 
in the titania colloid solution used in Example 5, the wet 
paper is affixed to a corrugated form plate of aluminum and 

20 dried in this state at 120° C, and the dried paper was removed 
from the form plate and fired at 450° C for 5 hours to prepare 
a titania- impregnated corrugated plate 34, measuring 50 mm 
x 50 mm and having 25 g/m 2 of titania supported thereon as 
shown in FIG. 15. 

25 The flat plate 31 was sandwiched between two corrugated 

plates 34 to prepare a catalyst block 35 in the form of a sandwich 
and having discharge electrodes shown in FIG. 15, 

The catalyst block; was packed into a reaction tube of 
a reaction tester and checked for NO oxidation rate and 

30 o-chlorotoluene oxidation rate by the same procedure as in 
Example 5 . 
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The results obtained are shown in Table 4 and FIG. 17, 
which reveal that the photocatalyst of the corrugated plates 
was excited by the ultraviolet rays produced by discharge, 
achieving an increased NO oxidation rate and a higher 
5 o-chlorotoluene oxidation rate. 
Table 4 

Exp. Volt- Average Inlet Outlet Oxidation 



10 


No. 


age 


current 














irate 


{*) 




kV 




NO 
ppm 


N0 2 
PPM 


O-CT 
ppm 


NO 
ppm 


N0 2 


O-CT 


NO 


o-CT 




1 


0 . 0 


0.0 


153.0 


1.8 


45 


152 


1.9 


44 . 0 


0.7 


0.0 




2 


5,0 


1.2 


150.0 


2.2 


39 


138 


7.5 


37.6 


8.0 


3,6 




3 


6 . 0 


6,3 


149.0 


2.0 


40 


100.2 


16 .5 


28.5 


32 .8 


28. 8 


15 


4 


7 . 0 


6 . 7 


148.0 


2.1 


42 


59. 5 


84 .2 


19.8 


59.8 


52 .9 




5 


8.0 


7,3 


148.0 


2.6 


40 


18.5 


118.0 


7.4 


87 .5 


Bl . 5 




6 


9.0 


8.1 


150.0 


1.6 


39 


8 . 1 


138.9 


3.7 


94 . 6 


90.5 




7 


10,0 


8.8 


148 . 0 


2 . 3 


40 


0.5 


141.0 


0.8 


99 . 7 


98 .0 



o-CT: o-chlorotoluene 



Example 7 

The same procedure as in Examples 5 was repeated to checX 
variations in oxidation rates with the exception of varying 
the NO and o - chloro toluene concentrations of the prepared exhaus t 
25 gas. 

The results are given in Table 5 and FIG . 18, which reveal 
that the oxidation rate increases with a decrease in the 
concentration of the compound to be oxidized although usual 
discharge in space achieves a substantially constant oxidation 
30 rate if the discharge is effected under unaltered conditions . 
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Table 5 

Exp. Volt- Average Inlet Outlet Oxidation 



5 



o . 


age 


current 














rate 


(%) 




kV 


uA 


NO 


NO; 


o-CT 


NO 




o-CT 


NO 


o-CT 








pprn 


PPM 


ppm 


PPM 


ppm 


ppm 






1 


7 . 0 


6 . 6 


148. 0 


2.1 


42 


62 . 1 


86.8 


25.0 


58.0 


40.5 


2 


7.0 


6.6 


72.6 


1.8 


42 


27.6 


40.7 


24.3 


62.0 


42.1 


3 


7.0 


6.6 


30.1 


0.8 


42 


8.7 


22.8 


24.1 


71 .1 


42.6 


4 


7,0 


6.6 


30.3 


2 . 1 


30 


8.6 


22.5 


13. 6 


71 .6 


54.7 


5 


7.0 


6 . 6 


29.9 


2,6 


15 


8.5 


22.5 


5.5 


71-5 


63 .3 


6 


7.0 


6.6 


29 . 5 


1.8 


7 


8.5 


22.5 


2 . 1 


71.2 


70.0 



o - CT : o - chlorot oluene 
15 Example 8 

The same flat plates 31 as obtained in Example 5 and having 
a titania photocatalyst supported thereon were caused to support 
different metal oxides thereon by the usual immersion method 
for impregnation to prepare metal-supported catalysts, which 

20 were checked for NO and o-chlorotoluene oxidation rates by 
the same procedure as in Example 5 • 

The particulars as to the catalysts prepared and the 
oxidation rates achieved are given in Table 6 and FIGs . 19 
and 20, which indicate that different metals supported vary 

25 the current value relative to the discharge voltage and achieve 
varying oxidation rates, but do not greatly vary the oxidation 
rates relative to the discharge power. 
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Table 6 
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o-CT 


No . 
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concn . 
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mol/1 


kV 


\X A 


mW 


<L 
Ti 


g. 


1 




— 


7 


6.7 
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2 
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0.1 


7 


7.1 


49 .7 
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79.9 
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Sn 


0 . 1* 
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6.6 


46.2 


66.3 
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Example 9 

A pair of electrodes 42, 43 prepared from a stainless 
steel net {SUS304, 30 mesh, 0 . 2 mm in wire diameter. 160 X 
80 x 0.5 mm in size) were installed as opposed to each other 
within a quartz glass reaction tube 41 having a flow channel 
of rectangular cross section of 80 x 9 mm* The spacing between 
the electrodes was 8 mm. A catalyst bed 44 was prepared by 
filling spherical particles of titania photocatalyst , 1 mm 
in diameter, into the space between the electrodes. A voltage 
of 20 kV was applied across the electrodes intermittently at 
200 Hz by a power source 45. Luminescence of ultraviolet rays 
was observed over the entire catalyst bed 44. 



Air containing 100 ppm of NO was passed through the reaction 
tube 41 at a flow rate of 1 rn 3 /sec at 150° C to measure the 
rate of oxidation of NO to N0 2 > The intermittent frequency 
was altered to vary the average discharge current to establish 
the relationship between the average discharge current and 
NO oxidation rate (calculated from Equation [1] in Example 
3). Table 7 shows the result. 
Table 7 



Average current (fiA) NO oxidation rate (%} 



11.5 92 

10*0 81 

7.0 58 

4-0 33 

1.0 9 



INDUSTRIAL APPLICABILITY 

The present invention relates to amethodof and an apparatus 
for oxidizing harmful substances, such as dioxins r in exhaust 
gases released from refuse incinerators , boilers, diesel engines , 
etc. Tbe invention further relates to catalysts or catalyst 
carriers having discharge electrodes, and also to catalyst 
blocks comprising catalyst or catalyst carrier members having 
discharge electrodes , and a photocatalyst provided between 
these members and/or disposed externally thereof. 
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CLAIMS 

1. (Amended) A catalyst or carrier having a discharge 
electrode and comprising a catalyst or carrier in the form of 
a plate or sheet r the electrode being provided on at least one 
surface of the catalyst or carrier plate or sheet and being in 
the form of dots, or a line or bar which may intersect itself, 
the electrode being formed by applying an electrically 
conductive printing ink to at least one surface of the catalyst 
or carrier plate or sheet by printing, sintering a metal powder 
on the surface, or vapor-depositing or sputtering a metal onto 
the surface, the electrode being in the form of comb teeth, the 
electrode being formed on each of front and rear surfaces of 
the catalyst or carrier plate or sheet, and the rear and front 
electrodes being oriented in opposite directions to each other 
in an interdigital arrangement, 

2. (Canceled) 

3. (Canceled) 

4. (Canceled) 

5. (Amended) A catalyst having a discharge electrode 
according to claim l wherein the catalyst comprises a matrix 
in the form of a plate or sheet of preform prepared from ceramic 
fibers, and a catalyst substance or porous carrier particles 
dispersed and retained in the matrix among the ceramic fibers, 
the carrier particles having the catalyst substance supported 
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thereon . 

6. (Amended) A carrier having a discharge electrode 
according to claim 1 wherein the carrier comprises a matrix in 
the form of a plate or sheet of preform prepared from ceramic 

5 fibers, and porous carrier particles dispersed and retained in 
the matrix among the ceramic fibers , 

7. A catalyst block having discharge electrodes and 
comprising a plurality of catalyst or carrier plates or sheets 
and each having an electrode formed on at least one surface 

10 thereof, the electrode being in the form of dots, or a line or 
bar which may intersect itself, and a photocatalyst interposed 
between the plates or sheets and/or disposed externally 
thereof . 

8. A catalyst block having discharge electrodes according 
15 to claim 7 wherein the catalyst plate or sheet having the 

electrode and the photocatalyst each comprise a matrix in the 
form of a plate or sheet of preform prepared from ceramic fibers , 
and a catalyst substance or porous carrier particles dispersed 
and retained in the matrix among the ceramic fibers , the carrier 
20 particles having the catalyst substance supported thereon. 

9. A catalyst block having discharge electrodes according 
to claim 7 or 8 wherein the electrode is formed by applying an 
electrically conductive printing ink to at least one surface 
of the catalyst or carrier plate or sheet by printing, sintering 

25 a metal powder on the surface , or vapor-depositing or sputtering 
a metal onto the surface, 

_ - . a » — — 3^ v--^w.* w%*w*. ^w^w^i^^y 

to any one of claims 7 to 9 wherein the electrode is in the form 
of comb teeth. 
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11 . A catalyst block having discharge electrodes according 
to claim 10 wherein the comb- tooth electrode is formed on each 
of front and rear surfaces of the catalyst or carrier plate or 
sheet, and the rear and front electrodes are oriented in 
opposite directions to each other in an interdigital 
arrangement , 

12 . A catalyst block having discharge electrodes according 
to any one of claims 7 to 11 wherein the photocatalyst is a 
granular or particulate catalyst or in the form of a flat plate 
or corrugated plate. 

13 - A catalyst block having discharge electrodes according 
to any one of claims 7 to 12 wherein the catalyst or carrier 
plate or sheet having the electrode is a flat plate, and the 
photocatalyst is in the form of a corrugated plate. 

14 • A catalyst block having discharge electrodes according 
to any one of claims 7 to 12 wherein the flat catalyst or carrier 
plates having the electrode have ends projecting beyond a 
corrugated photocatalyst plate, and the electrodes are 
connected together at the projecting ends. 

15. (Amended) A method of using a catalyst or carrier 
having a discharge electrode according to any one of claims 1, 
5 and 6, or a catalyst block having discharge electrodes 
according to any one of claims 7 to 14 by applying a voltage 
of 3 to 50 kV per 10 mm of the electrode spacing across a pair 
of electrodes on the catalyst or carrier plates or sheets each 
having the electrode at 0.04 to 200 kHz to cause a discharge 
across the electrodes through the catalyst or carrier and 
thereby activate the catalyst or carrier plates or sheets, 

16* (Amended) A method of catalytic reaction of a gas by 
installing 
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a catalyst or carrier having a discharge electrode according 
to any one of claims 1, 5 and 6 or a catalyst block having 
discharge electrodes according to any one of claims 7 to 14 in 
a flow channel for the gas, and applying a voltage of 3 to 50 
5 kV per 10 mm of the electrode spacing across a pair of electrodes 
at 0.04 to 200 kHz to cause a discharge across the electrodes 
through the catalyst or carrier and activate the catalyst or 
carrier, whereby components contained in the gas and to be 
treated are catalytically reacted. 
10 17. A method of catalytic reaction according to claim 16 

wherein the gas is a combustion exhaust gas , and by which dioxins 
in the gas are oxidized and decomposed, and nitrogen monoxide 
in the gas is oxidized. 

18. A method of catalytic reaction according to claim 16 
15 wherein the gas is a gas containing organic odor components and 

by which the odor components of the gas are oxidized and 
decomposed . 

19. A method of decomposing dioxins by plasma discharge 
comprising filling a particulate catalyst exhibiting 

20 semiconductor characteristics into a space between a pair of 
electrodes, applying a voltage across the electrodes to cause 
plasma discharge between the catalyst particles, and passing 
an exhaust gas to be treated through a bed filled with the 
catalyst to decompose dioxins in the exhaust gas. 

25 20. A method of decomposing dioxins according to claim 19 

wherein the catalyst has photocatalyst activity. 

21. A method of decomposing dioxins according to claim 19 
wherein the catalyst is a titania catalyst. 
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22. A method of decomposing dioxins according to claim 
19 wherein the catalyst comprises an anatase titania carrier 
and a thin titania layer having photocatalyst activity and 
coating the carrier. 

23. A method, of decomposing dioxins according to any one 
of claims 19 to 22 wherein the voltage is applied intermittently 
with high-frequency waves. 

24. A method of decomposing dioxins according to claim 
23 wherein the voltage is applied intermittently at a frequency 
of 40 Hz to 10 MHz , 

25. A method of decomposing dioxins according to any one 
of claims 19 to 24 wherein the field intensity between the 
pair of electrodes is 0.5 to 50 kV/cm. 

26. A method of removing dioxins according to any one 
of claims 19 to 2 5 wherein NO in the exhaust gas is converted 
to no 2 at the same time. 

27. A method of removing dioxins according to any one 
of claims 19 to 26 wherein hydrocarbons in the exhaust gas 
are converted to carbon dioxide at the same time. 

28 . An apparatus for decomposing dioxins by plasma discharge 
comprising a pair of electrodes arranged in an exhaust gas 
flue, a catalyst bed disposed between the pair of electrodes 
and comprising a particulate catalyst exhibiting semiconductor 
characteristics, and a power source for applying a voltage 
across the electrodes to cause plasma discharge between the 
catalyst particles and produce ultraviolet rays for the 
excitation of a photocatalyst , whereby dioxins in an exhaust 
gas flowing through the catalyst bed are decomposed. 
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29. An apparatus for decomposing dioxins according to 
claim 2 8 wherein trie exhaust gas flue is provided with a dust 
removal device at a position upstream from the pair of electrodes . 

30. An apparatus for decomposing dioxins according to 
claim 28 or 29 wherein the exhaust gas flue is provided with 
a denitration device at a position downstream from the pair 
of electrodes . 
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ABSTRACT 

An object of the invention is to provide a catalyst or 
catalyst carrier having a discharge electrode and effectively 
usable in a method of efficiently decomposing dioxins and like 
5 harmful substances in exhaust gases by plasma discharge. The 
invention provides a catalyst or carrier having a discharge 
electrode and comprising a catalyst or carrier in the form 
of a plate or sheet, the electrode being provided on at least 
one surface of the catalyst or carrier plate or sheet and being 
10 in the form of dots , or a line or bar which may intersect itself . 
The catalyst or carrier plate or sheet includes a catalyst 
or carrier in the form of a cloth, board, paper or the like. 

Preferably, the electrode is one formed by applying an 
electrically conductive printing ink containing silver or like 
15 metal to at least one surface of the catalyst or carrier plate 
or sheet by printing, sintering a metal powder on the surface, 
or vapor-depositing or sputtering a metal onto the surface. 

The conductive ink may be a paste. Preferably the electrode 
is in the form of comb teeth. 
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